where J is the flux and C is the concentration of the diffusing specie, D is the appropriate diffusion coefficient, and X and t refer to distance and time,
respectively.
In an attempt to maintain clarity, C and N will refer to the elements carbon and nitrogen, while C and N will refer to a concentration parameter and to the number of nodes in a grid, respectively. Often, D is assumed independent of concentration (DCf(C)) such that Eq. In most high-temperature corrosion problems, one knows the temperature (even if it is not constant) and desires to describe or predict the extent of the attack at a given time. Typically, a knowledge of the concentration profile (C vs. X) for the specie(s) of interest (even if the specie is precipitated as an oxide, carbide, or sulfide), or the thickness of an internal subscale, is sufficient to describe the extent of attack. 
BASICS OF THE F-D TECHNIQUE
The initial step in the F-D technique is to establish a grid across a region of the material over which diffusion will occur. The grid consists of N nodes with a spacing between nodes of AX. Typically, the node spacing is uniform although a finer or coarser, grid spacing can be used in regions where the concentration gradient is anticipated to be either steep, or shallow, respectively. Each node of the grid has a specific concentration associated 
where the subscript refers to the node number and the superscript i refers to the time increment or iteration.
In this section dealing with the F-D technique, the subscript to C ( 1, 2, 3 ..... N) will refer to the node number, whereas in the following application section of the paper, the subscript to C (O, C, N, etc.) will refer to a corrodant or solute. The F-D equivalent of Fick's second law can be given by either an explicit or implicit representation.
The explicit form for the case where D_f(C)) is given as which predicted this accelerated loss of A1, was used as a flux boundary condition at the oxide metal interface for both the NiAI and NiCrAI studies.
In addition, both studies used an explicit F-D method to take into account the concentration dependence of the diffusivities (see Eq. (2c)). Recession of the alloy surface due to the loss of AI during selective oxidation was also 15 taken into account. This oxide metal interface recession, A_, is defined as
At (8) where Va_ is the partial molar volume of AI in the alloy and J_,'] is the flux of AI entering the oxide (which is greater than the flux of AI in the alloy at the oxide metal interface because of the interface motion). An M-L transformation was used to adjust the concentration grid for this alloy surface recession. of High-Temperature Corrosion Processes 317
In the NiA1 modeling study, t6 the F-D model predicted AI concentration profiles within thin coupon samples after various cyclic oxidation exposures.
A zero-flux boundary condition was used at the center of the sample where where the main diffusivity, Dja, relates the concentration gradient of component j to the flux ofj and the off-diagonal, or cross-term diffusivity, D_.k, relates the concentration gradient of component k to the flux ofj. Equation (10) was expanded as for the binary case (Eq. (2c)) and each of the terms was replaced with a F-D equivalent for solution by the explicit method. Tbe oxide metal interface recession due to A1 loss was calculated as shown above for the NiA1 alloys (Eq. (8)). However, since Cr is ngt consumed in the oxide scale, Cr must diffuse away from the receding oxide metal interface (X = _ ). The outer boundary condition for Cr then becomes
where Jcr is the flux of Cr in the alloy at the interface and C_,,. is the Cr concentration at this interface.
The F-D model _5 predicted the rate at which the AI concentration at the oxide metal interlace decreased with time duc to the higher rate of A1 (Fig. 2) . A flexible-grid scheme was used and an M-L transformation was employed to shift the node positions and concentrations after the interface motion. The boundary condition at the 7/7 +/3 interface is given by
where J,_+ p is the flux in the 7 phase at the +/3 interface located at (Fig. 4) . This model was also used to evaluate the effect of various (t) ). The concentration profiles in the alloy and subscale were determined by an explicit F-D method. Each iteration consisted of (1) 
